The main reason for rejecting the recent Tangshan earthquakes as aftershocks of the 1976 earthquake is that too much time has elapsed between events. "These earthquakes are more than 30 years after the great Tangshan earthquake, so it is improper to call them aftershocks," one researcher at the China Earthquake Administration (CEA) told the news media (http:// news .163 .com/ 12/ 0529/ 11/ 82LTHKKQ0001124J .html). Indeed, most aftershocks die out within a few years after the mainshock [Parsons, 2002] .
However, in regions where tectonic loading is slow, aftershock sequences may last much longer . Aftershocks, by their typical definition, are smaller events that follow the mainshock in its source region and whose numbers decay exponentially with time. Hence the basic data set for determining whether the recent Tangshan events are aftershocks is the earthquake sequence in the source region of the 1976 earthquake. This data set is available from the dense seismic networks that have been established in Tangshan and the rest of North China since 1970, recording events M 1.0 and above (http:// www . csndmc .ac .cn/ newweb/data/csn_catalog_p001.jsp). Figures 1b and 1c show that following the 1976 Tangshan earthquake, seismic activity in the Tangshan region has remained higher than the background level, and the seismicity rate has been decaying following Omori's law, as observed in typical aftershock sequences .
Long Aftershock Sequences in North China
The 1976 Tangshan earthquake is one of three large earthquakes that struck the North China Plain in the past century; the other two are the 1975 Haicheng earthquake (M 7.3) and the 1966 Xingtai earthquake (M 7.2) (Figure 1d ). According to the available data set, the aftershock sequence in Haicheng is similar to that in Tangshan, with a decaying seismicity rate that is still above the background level today. The 1966 Xingtai earthquake occurred before seismic Eos, Vol. 93, No. 45, 6 November 2012 PAGES 453-454 Roaming Earthquakes in China Highlight Midcontinental Hazards By M. Liu and H. Wang (M ≥3.0, 1970-2011 [Zhang and Gan, 2008] . Blue dots are historic large earthquakes (M ≥7.0). networks were established in the region, so there is no record before the mainshock to establish the background seismicity rate. However, the seismicity rates in Xingtai, Haicheng, and Tangshan can be compared with that in the rest of the North China Plain. Between 1986 and 2010, a period that is about 10 years after the great Tangshan earthquake and the Haicheng earthquake and 20 years after the Xingtai earthquake, the averaged seismicity rates in the source regions of these three earthquakes are all higher than in the rest of the North China Plain, indicating continued influence of aftershocks (Figure 1d ).
This spatial pattern of seismicity rates in North China is comparable with the horizontal crustal strain rates based on the GPS measurements (Figure 1e) . The high strain rates around Tangshan and Xingtai may indicate continued postseismic deformation (the strain rate in the Haicheng region is unreliable because of sparse GPS stations there). The high strain rates in the area between Xiangtai and Tangshan, where the GPS station coverage is among the densest in the North China Plain, has no ready explanation but certainly calls for close monitoring.
Of course, higher seismicity and strain rates could simply mean more active tectonics. This is certainly true for the Shanxi rift zone (Figure 1e ), which has developed since the Pliocene or earlier (since at least 5.3 million years ago) and produced more than 36 large events (M >6.5) in the past 700 years [Liu et al., 2007] . The same cannot be said for the Tangshan, Haicheng, and Xingtai regions, where no active tectonics or major active faults were recognized before the recent large earthquakes. Hence the high seismicity and strain rates in these regions today are likely due to the effects of aftershocks and postseismic deformation.
Long-Distance Roaming of Large Earthquakes
The large earthquakes in Tangshan, Haicheng, and Xingtai occurred in places where tectonic activity was not particularly high and no previous large earthquakes had been recorded. Hence they do not fit into models of active faults producing repeated large earthquakes. Instead, the Chinese historic earthquake catalog, which extends back for nearly 3000 years and is likely complete for M ≥6.5 events since 1303 [Ming et al., 1995] , shows long-distance roaming of large earthquakes in North China (Figure 2) [see also .
Before 1302, large earthquakes in North China were concentrated along the Weihe and Shanxi rifts and scattered over the North China Plain (Figure 2a) . In 1303 the Hongdong earthquake (M 8.0) within the Shanxi rift killed more than 470,000 people. Then, in 1556, the Huaxian earthquake (M 8.3) occurred in the Weihe rift, more than 300 kilometers from the epicenter of the Hongdong earthquake (Figure 2b ). About 830,000 people perished, making it the deadliest earthquake in human history (http:// earthquake .usgs .gov/ earthquakes/ world/ historical _ country .php). The next devastating event, the 1668 Tancheng earthquake (M 8.5), occurred more than 700 kilometers to the east, on the Tanlu fault in the North China Plain (Figure 2c ). This fault has had little slip through the late Cenozoic and few large earthquakes. In 1679, another large event struck the North China Plain-the Sanhe-Pinggu earthquake (M 8.0) occurred on a fault zone with no surface exposure (Figure 2b ). Then, in 1695, an M ~7.8 earthquake occurred in the Shanxi rift again, near the site of the 1303 Hongdong earthquake but on a different fault. Since then the Shanxi and Weihe rifts have been largely quiescent for more than 300 years, with only a few moderate earthquakes. Meanwhile, seismicity in the North China Plain apparently increased in the past century, including the Tangshan, Haicheng, and Xingtai earthquakes. Over the past 2000 years, more than 22 M ≥7.0 events occurred in North China, but none repeated on the same fault segments during this period.
Implications for Earthquake Hazards in Midcontinents
The complex spatiotemporal occurrence of large earthquakes is not unique to North China; similar behavior is observed in other midcontinents such as the central and eastern United States, Australia, and northwest Europe [Calais et al., 2003; Camelbeeck et al., 2007; Clark and McCue, 2003; Newman et al., 1999] . These earthquake patterns reflect fundamental differences between midcontinent earthquakes and those at plate boundaries .
Plate boundary faults are loaded by steady relative plate motion. Consequently, earthquakes concentrate along the plate boundary, repeatedly rupturing the same fault. In midcontinents, however, slow tectonic loading is shared by a complex system of interacting faults spreading over a large region, such that a large earthquake on one fault could affect the loading rates on other faults . Both slow loading and the relatively high viscosity of the ductile lower lithosphere in midcontinents could contribute to long aftershock sequences . Also, because the loading is shared by many faults in midcontinents, individual faults may remain dormant for a long time and then become active for a short period, leading to sporadic and roaming earthquakes.
The long-distance roaming of large earthquakes in midcontinents and their long sequences of aftershocks pose challenges for hazard assessment, which usually takes previous occurrences of large earthquakes as a hint for where to expect the next large earthquake. But if earthquakes roam between faults, current practices may overestimate the hazard in places where previous large earthquakes occurred and underestimate the hazard elsewhere. Also, if aftershock sequences are long, one may mistake small earthquakes for precursors of large events.
To improve the situation, researchers need to go beyond current models, which are based on plate boundary faults and focused on stress accumulation and release on individual faults or fault segments. Midcontinental faults are a complex dynamic system , and scientists will need to understand how faults interact with each other within such a system. This likely requires different modeling approaches, and broader coverage of high-precision geodetic networks and paleoseismic studies than is typically thought of as necessary. As for North China, based on its earthquake history over the past two millennia, the focus on Tangshan need not dilute attention to the risk of large earthquakes in other areas of North China, especially the Shanxi rift zone, which produced more than 36 M≥6.5 earthquakes since 1303 but has been quiescent for the past 300 years.
